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Abstract of JP2000058577 
PROBLEM TO BE SOLVED: To improve the 
readability of a semiconductor device by 
forming first and second metallic layers on an 
electrode formed on a semiconductor 
substrate in sequence through an electroless 
plating method, so as to prevent the 
deterioration of joint between a lump electrode 
and a pad electrode thereunder. SOLUTION: 
After forming a pad electrode 42 by patterning, 
an uneven flaw 46 which is formed on the 
surface of the pad electrode by the sharp tip of 
a probe during confirmation of property is 
covered entirely by forming an Ni film 48 as a 
first barrier metal layer at the same depth as or 
more than that of the flaw 46 by an electroless 
plating, forming a flat surface on the Ni film 48 
as a barrier metal. Next, Ti and Ni films are 
formed as a second barrier metal layer 50 on 
the first barrier metal layer 48 and an 
insulation film 44. Thus, an Al comprising a 
lower pad electrode 42 and Pb and Sn 
comprising a bump electrode 52 are diffused 
mutually and bidirectionally, and a part of Al 
hits the bump electrode 52, thereby preventing 
the deterioration of contact property. 
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1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1]A semiconductor device comprising: 
A semiconductor substrate. 

An electrode formed on said semiconductor substrate. 

The 1st metal layer that was formed on said electrode and formed by a nonelectrolytic 
plating method. 

[Claim 2]The semiconductor device comprising according to claim 1 : 

The 2nd metal layer further formed by any 1 method among a sputtering technique and 

vacuum deposition on said 1st metal layer. 

A projection electrode formed on said 2nd metal layer. 

[Claim 3]The semiconductor device according to claim 1 to 2 forming said 1st metal 
layer by a nonelectrolytic plating method which used any 1 metal among nickel, Cu, and 
Pd. 

[Claim 4]The semiconductor device according to claim 1 to 2 forming said 1st metal 
layer among Pd, Zn, and nickel by a non-electrolytic nickel plating method using a 
substitution method by any 1 metal. 

[Claim 5]The semiconductor device according to claim 2 to 4, wherein said 2nd metal 
layer consists of one layer and consists of any 1 metal among nickel, Cu, and Pd. 
[Claim 6]From two-layer [ of a metal membrane of the 1st / further / layer, and a metal 
membrane of the 2nd layer ], said 2nd metal layer becomes and said metal membrane of 
the 1st layer, The semiconductor device according to claim 2 to 5, wherein it consists of 
any 1 metal among Ti, Cr, TiW, and Mo and said metal membrane of the 2nd layer 
consists of any 1 metal among nickel, Cu, and Pd. 

[Claim 7] Said 2nd metal layer consists of three layers, a metal membrane of the 1st [ 
further ] layer, a metal membrane of the 2nd layer, and a metal membrane of the 3rd 
layer, The semiconductor device according to claim 2 to 6, wherein a metal membrane of 
said 1st layer and the 2nd layer consists of any 2 metal among Ti, Cr, TiW, and Mo and 
said metal membrane of the 3rd layer consists of any 1 metal among nickel, Cu, and Pd. 
[Claim 8]The semiconductor device according to claim 2 forming said projection 
electrode in the upper layer of said 2nd metal layer by the electrolysis plating method. 
[Claim 9]The semiconductor device according to claim 2 or 8 forming said projection 
electrode with metal of at least 1 chosen from a group which consists of an alloy of an 
alloy of Pb, Au and Sn, and Ag. [ Pd, nickel, Cu, Sn, ] 

[Claim 10]Claim 2 forming an antioxidant tunic which consists of any 1 metal among 
Au, Pt, and Pd between said 2nd metal layer and said projection electrode, or a 
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semiconductor device given in 8 thru/or 9. 
[Claim 1 1]A semiconductor device comprising: 
A semiconductor substrate. 

An electrode formed on said semiconductor substrate. 

The 1st metal layer that was formed on said electrode and formed by a nonelectrolytic 
plating method. 

A projection electrode formed on the 2nd metal layer formed by any 1 method of a 
sputtering technique and the vacuum deposition on said 1st metal layer, the 3rd metal 
layer formed by the electrolysis plating method on said 2nd metal layer, and said 3rd 
metal layer. 

[Claim 12]The semiconductor device according to claim 1 1, wherein said 3rd metal layer 
consists of any 1 metal among nickel, Cu, and Pd. 

[Claim 13]The semiconductor device according to claim 1 1 forming an antioxidant tunic 

which consists of any 1 metal among Au, Pt, and Pd between said 3rd metal layer and 

said projection electrode. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to the pad electrode structure of a 
semiconductor device, and relates to the pad electrode structure of a semiconductor 
device of having the structure of a barrier metal layer peculiar to the lower layer of a pad 
electrode. In order to connect electrically and mechanically to the substrate for 
semiconductor device mounting the pad electrode formed in the inside of the 
semiconductor device on a substrate, it is necessary to form the projection electrode for 
external connection on a pad electrode. 

[0002] So, in this invention, a new structure of a pad electrode at the time of forming the 
projection electrode for external connection on the pad electrode of a semiconductor 
device is provided, without spoiling the reliability of a semiconductor device. In the stage 
before slicing the time of a wafer process being completed, and its wafer for every chip 
and mounting in a package, it is necessary to check that each semiconductor device 
shows normal operation electrically in the manufacturing process of a common 
semiconductor device. For this reason, a probe needle is applied to the pad electrode 
formed on the surface of a semiconductor device, and an electric operation test is done 
for every wafer or every chip. 

[0003]Since it is necessary to put a probe needle in the above-mentioned operation test on 
the pad electrode which consists of aluminum formed of the wafer process as mentioned 
above so that a pressure may be put, as for the pad electrode surface, a rugged form crack 
will be formed by the probe needle with which the tip sharpened. This invention forms 
the above-mentioned projection electrode for external connection good on the pad 
electrode surface which has the unevenness which did in this way and was formed, and 
provides the structure of a reliable pad electrode in points, such as the mounting nature of 
a semiconductor device, and an electrical property. 
[0004] 

[Description of the Prior Art] Drawing 1 (A) - (E) is a figure showing the formation 
process of the projection electrode for external connection on the pad electrode in the 
former. Drawing 1 (A) shows the insulator layer 16 which consists of an oxide film 
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which formed the pad electrodes 12 and 14 which consist of aluminum by patterning, and 
was formed of thermal oxidation in fields other than the pad electrode 12 and 14 on the 
substrate 10. On the surface of the pad electrodes 12 and 14, the cracks 20 and 22 which 
are the unevenness produced by the probe test after formation are shown. 
[0005]Next, as shown in drawing 1 (B), it is necessary to form the projection electrode 32 
on the pad electrode 12 and 14. In the plane of composition when joining the pad 
electrode which generally consists of a projection electrode which consists of solders, and 
aluminum, Sn, Pb, etc. which are the elements which constitute a solder are spread in an 
Al electrode, and in order to prevent destroying junction, a metal layer called a barrier 
metal is made to be placed between the planes of composition. 
[0006]Therefore, by the conventional method, as shown in drawing 1 (B), the metal 
membrane 24 which consists of two-layer [ of 500-nm-thick Ti and nickel ], respectively 
is formed on the electrode 12 and 14, and the insulator layer 16 by a sputtering technique 
as the barrier metal layer 24. As furthermore shown in the enlarged drawing of the 
electrode 12 of drawing 1 (Ch the photoresist film 26 is formed so that the opening of the 
electrode 12 top may be carried out by patterning, and Ni film 30 is formed by the 
electrolysis plating method on the barrier metal 24 of the opening 28 at a thickness of 2 
micrometers. 

[0007]Then, as shown in drawing 1 (D), the projection electrode 32 which consists of Pb 
and Sn is formed in a thickness of 50 micrometers by the electrolysis plating method. 
Then, in drawing 1 (E), the photoresist film 26 is removed and wet etching removes some 
the Ti films and Ni films 24 which remained in photoresist 26 lower layer. The solder 
ball which is not illustrated is formed by furthermore carrying out a reflow of the 
projection electrode 32 at a temperature higher than the melting point temperature. 
[0008] 

[Problem(s) to be Solved by the Invention] However, there is a problem described below 
in the projection electrode formation method in the above-mentioned former. In the 
process of drawing 1 (C\ where the barrier metal layer 24 is formed on the surface of the 
electrode 12 in which the crack 20 was formed, as shown in the figure, the crevice 21 of 
the crack 20 serves as the recessed region 21 in which a barrier metallic film is not 
formed. In such the state, further, when Ni film 30 is formed in a thickness of 2 
micrometers and the projection electrode 32 is further formed by the electrolysis plating 
method on the surface at a thickness of 50 micrometers, the following problems occur. 
[0009]Namely, Sn or Pb which constitutes the projection electrode 32 is spread via the 
recessed region 21 in which the barrier metal 24 is not formed, Reach into the lower layer 
pad electrode 12, or aluminum which is a composing element of the pad electrode 12 
conversely, That are easily spread from the crevice 21 in Ni-film [ of the upper layer ] 30 
and projection electrode film 32 inside, and contact resistance goes up as a result, or the 
projection electrode 32 exfoliates etc. is a point which will destroy junction. 
[0010]Ni film 30 formed by the electrolysis plating method in this conventional example 
is a film formed for the purpose of making the same operation as the lower layer barrier 
metal layer 24 of Ni film 30 do so, and is for making diffusion of the above-mentioned 
impurity prevent. However, in the recessed region 21 in which the barrier metal 24 is not 
formed, As mentioned above, Ni film 30 by the electrolysis plating method of the upper 
layer may not be formed, and when especially the crack 20 is large and the recessed 
region 21 in which the barrier metal 24 is not formed is remarkable, Ni film 30 is not 
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formed in the crevice 21 . In this conventional example, in order to compensate the 
crevice 21 in which the barrier metal 24 is not formed, Ni film 30 which is a barrier metal 
layer by the electrolysis plating method further is formed in the upper layer of the barrier 
metal 24. However, the function as a barrier metal of the metal membrane generally 
formed by the electrolysis plating method is inferior to the barrier metal formed of a 
sputtering technique, and it is known that the function which prevents diffusion of an 
impurity is low. For this reason, like this example, via the recessed region 21 in which the 
barrier metal 24 is not formed, the diffusion phenomenon of an impurity will arise and 
the defect of junction to the pad electrode 10 and the projection electrode 32 will be 
produced. 

[001 lJTherefore, it originates in the crevice 21 in which the barrier metal layer 24 sets in 
part, and is not formed in this conventional example, The situation where producing 
diffusion of the impurity mentioned above, and the contact resistance of this junction 
going up as a result, or producing exfoliation between the projection electrodes 32 of the 
barrier metal layer 24 and its upper layer again etc. is cannot be used of a semiconductor 
device will be produced. 

[0012]This invention is made in view of the above-mentioned point, and is a thing. 
The purpose is to provide the semiconductor device which aimed at improvement in 
reliability by preventing degradation of junction to the lower layer pad electrode. 

[0013] 

[Means for Solving the Problem]This invention was made in view of the above- 
mentioned problem, and provided each means described below. In the invention 
according to claim 1, it has the 1st metal layer that was formed on a semiconductor 
substrate, an electrode formed on said semiconductor substrate, and said electrode, and 
was formed by a nonelectrolytic plating method. 

[00 14] In the invention according to claim 2, it has the 2nd metal layer further formed by 
any 1 method among a sputtering technique and vacuum deposition on said 1st metal 
layer, and the projection electrode formed on said 2nd metal layer. According to the 
invention according to claim 1 to 2, a crack accompanied by unevenness on a pad 
electrode formed of a probe test, By being thoroughly covered with the 1st metal layer 
formed by the electrolysis plating method, and carrying out flattening by it, When a crack 
can be prevented from affecting the 2nd metal layer of the upper layer and forms the 2nd 
metal layer with a sputtering technique or vacuum deposition further, formation of a 
projection electrode by the electrolysis plating method is made easy, and contact to a 
projection electrode can make it be hard to be destroyed. 

[0015]By forming the 2nd metal layer so that two or more of all the pad electrodes may 
be covered since a crack can be thoroughly buried by the 1st metal layer, When forming a 
projection electrode in the upper layer by the electrolysis plating method, all the pad 
electrodes can be set as the same potential, and formation of a projection electrode is 
simultaneously attained to all the pad electrodes. In the invention according to claim 3, 
said 1st metal layer was formed by a nonelectrolytic plating method which used any 1 
metal among nickel, Cu, and Pd. 

[00 16] According to the invention according to claim 3, even if each pad is in a state 
separated electrically, the 1st metal layer can be easily formed on each pad by a 
nonelectrolytic plating method, and a wrap can do a crack accompanying unevenness on 
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a pad electrode thoroughly. In the invention according to claim 4, said 1st metal layer 
was formed among Pd, Zn, and nickel by a non-electrolytic nickel plating method using a 
substitution method by any 1 metal. 

[001 7] According to the invention according to claim 4, the 1st metal layer can be easily 
formed by a nonelectrolytic plating method. In the invention according to claim 5, said 
2nd metal layer consists of one layer, and consists of any 1 metal among nickel, Cu, and 
Pd. In the invention according to claim 6, from two-layer [ of a metal membrane of the 
1 st / further / layer, and a metal membrane of the 2nd layer ], said 2nd metal layer 
becomes and said metal membrane of the 1st layer, It consists of any 1 metal among Ti, 
Cr, TiW, and Mo, and said metal membrane of the 2nd layer consists of any 1 metal 
among nickel, Cu, and Pd. 

[0018]Said 2nd metal layer consists of three layers, a metal membrane of the 1st [ further 
] layer, a metal membrane of the 2nd layer, and a metal membrane of the 3rd layer, in the 
invention according to claim 7, A metal membrane of said 1st layer and the 2nd layer 
consists of any 2 metal among Ti, Cr, TiW, and Mo, and said metal membrane of the 3rd 
layer consists of any 1 metal among nickel, Cu, and Pd. 

[00 19] According to the invention according to claim 5 to 7, by forming the 2nd metal 
layer, It is avoidable that contact is destroyed by preventing Pb or Sn in a projection 
electrode from preventing aluminum in a pad electrode from being spread into a 
projection electrode, and being spread into a pad electrode, and the adhesion of a pad 
electrode and a projection electrode can be raised. 

[0020]In the invention according to claim 8, said projection electrode was formed in the 
upper layer of said 2nd metal layer by the electrolysis plating method. In the invention 
according to claim 9, said projection electrode was formed with metal of at least 1 chosen 
from a group which consists of an alloy of an alloy of Pb, Au and Sn, and Ag. [ Pd, 
nickel, Cu, Sn, ] 

[0021] According to the invention according to claim 8 to 9, a projection electrode can be 
formed with sufficient reliability on a pad electrode, and a semiconductor device can be 
mounted on a substrate. In the invention according to claim 10, an antioxidant tunic 
which consists of any 1 metal among Au, Pt, and Pd was formed between said 2nd metal 
layer and said projection electrode. 

[0022] According to the invention according to claim 10, after forming the 1st metal 
layer, the 1st metal layer surface can be prevented from oxidizing, and contact after 
projection electrode formation can be maintained to that of fitness. An electrode formed 
on a semiconductor substrate and said semiconductor substrate in the invention according 
to claim 11, The 1st metal layer that was formed on said electrode and formed by a 
nonelectrolytic plating method, It has the 2nd metal layer formed by any 1 method of a 
sputtering technique and the vacuum deposition on said 1st metal layer, the 3rd metal 
layer formed by the electrolysis plating method on said 2nd metal layer, and the 
projection electrode formed on said 3rd metal layer. 

[0023]In the invention according to claim 12, said 3rd metal layer, According to the 
invention according to claim 1 1 to 12 consisting of any 1 metal among nickel, Cu, and 
Pd. A crack accompanied by unevenness on a pad electrode formed of a probe test, By 
being thoroughly covered with the 1st metal layer formed by the electrolysis plating 
method, and carrying out flattening by it, When a crack can be prevented from affecting 
the 2nd metal layer of the upper layer, forms the 2nd metal layer with a sputtering 
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technique or vacuum deposition and forms the 3rd metal layer in the upper layer further, 
Increase an effect of preventing diffusion of an impurity, and formation of a projection 
electrode by the electrolysis plating method is made still easier, and contact to a 
projection electrode can make it be hard to be destroyed. 

[0024]Since a crack can be thoroughly buried by the 1st metal layer, after forming the 3rd 
metal layer by forming the 2nd metal layer so that two or more of all the pad electrodes 
may be covered, When forming a projection electrode in the upper layer by the 
electrolysis plating method, all the pad electrodes can be set as the same potential, and 
formation of a projection electrode is simultaneously attained to all the pad electrodes. 
[0025]In the invention according to claim 13, an antioxidant tunic which consists of any 
1 metal among Au, Pt, and Pd was formed between said 3rd metal layer and said 
projection electrode. According to the invention according to claim 13, oxidation of the 
3rd metal layer can be prevented by making an antioxidant tunic intervene between the 
3rd metal layer and a projection electrode. 
[0026] 

[Embodiment of the Invention]Next, an embodiment of the invention is described with 
drawing 2 and drawing 3 . 

The [1st example] The 1st example in this invention is first described based on drawing 
2. Drawing 2 (A) The process shown in - (E) is a figure showing the manufacturing 
process of the pad electrode in the 1st example. 

[0027]In the process shown in drawing 2 (A), like the conventional example, the pad 
electrode 42 is formed by patterning on the semiconductor substrate 40 (for example, 
semiconductor chip), a substrate face is oxidized by heat treatment to fields other than 
pad electrode 42, and the insulator layer 44 which consists of oxide films is formed. After 
forming the pad electrode 42, the electrical property of a semiconductor device is 
examined, and the process of checking the quality of the characteristic is carried out. that 
is, in this process, it corresponds to the position of each pad electrode on the 
semiconductor device surface - as - the tip of the circuit tester for the electrical property 
examination of a semiconductor device — a probe - the needle with which the tip 
sharpened is installed so that a weak fixed pressure may be put on a pad electrode, and an 
electrical property is measured. 

[0028]Therefore, the tip of a probe will be installed in the form where it enters inside an 
electrode a little from the pad electrode surface, at the time of measurement, and 
unevenness will be formed in the pad electrode surface so that the shape of a probe 
needle may be met. Thus, the crack 46 on the pad electrode in which unevenness was 
formed will have an adverse effect on the characteristic of contact between a pad 
electrode and the projection electrode 52 formed in the surface in a next process. 
[0029]In order to avoid the above-mentioned problem, in this example, Ni film 48 is 
formed in a thickness of about 2 micrometers by the nonelectrolytic plating method 
which used nickel as the 1st barrier metal layer on the pad electrode 42 which has the 
crack 46 produced at the process of drawing 2 (A) like the process shown in drawing 2 
(B). In said nonelectrolytic plating method, it may replace with nickel and Cu or Pd may 
be used. 

[0030]Not using the electrolysis plating method is based on the following reasons when 
forming Ni film 48 here using a nonelectrolytic plating method. That is, that may not be [ 
that the depth of a crack may differ and the crack 46 may have reached even the lower 
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layer silicon substrate of the pad electrode 42 with the pad electrode among two or more 
pad electrodes in the pad electrode 42 which has the crack 46, and ] right. When 
enforcing the electrolysis plating method, it is necessary to set all the pad electrodes 
which are the parents which form membranes as the same potential but, and it becomes 
difficult in the above-mentioned case, and the electrolysis plating method can be used. 
[0031]By one side, it also has an advantage to which the nonelectrolytic plating method it 
is not necessary to impress an electric field can control cost at the point of impressing an 
electric field time-consuming [ excessive ] by membrane formation by the electrolysis 
plating method. Formation of Ni film 48 by a nonelectrolytic plating method can be 
performed with the substitution method which used Pd, Zn, or nickel. In membrane 
formation by a substitution method, when Pd, Zn or nickel which is the used element, and 
aluminum which is the composing elements of the pad electrode 42 involve mutually, 
new Ni film 48 is formed on the Al electrode surface. Therefore, in any fields other than 
on the Al electrode surface, a substitution operation is not produced and Ni film 48 is not 
formed. 

[0032]The unevenness accompanying the crack 46 which produced Ni film 48 by a 
nonelectrolytic plating method in the probe test by the above-mentioned process by 
comparable as the depth of the crack 46 or forming in the thickness beyond it is covered 
thoroughly, and the surface where Ni film 48 which is a barrier metal layer is flat is 
obtained. Next, in the process of drawing 2 (Q, like the 1st barrier metal formation 
process in the former in the upper layer of the 1 st barrier metal layer 48 formed at the 
process of drawing 2 (B), and the upper layer of the insulator layer 44 as the 2nd barrier 
metal layer 50, About 500 nm of nickel is further formed for Ti with a sputtering 
technique or vacuum deposition in thickness of about 500 nm. 

[0033]The 2nd barrier metal layer 50 formation process in the process of drawing 2 (Ch 
As the conventional example was described, aluminum which constitutes the lower layer 
pad electrode 42, and Pb and Sn which constitute the projection electrode 52 formed at 
subsequent processes by being spread bidirectionally mutually, It has the effect of a part 
of aluminum projecting to the projection electrode 52 side, or preventing the 
phenomenon in which a part of Pb and Sn project to the pad electrode 42 side, and 
contact resistance going up, or preventing degradation of the contact characteristics, such 
as peeling of the projection electrode 52 of a contact part. 

[0034]Between two or more pad electrodes 42 which form the projection electrode 52 at 
a next process connects too hastily by the same metal layer 50 by forming the 2nd barrier 
metal layer 50 so that other pad electrodes 42 may be covered simultaneously. Therefore, 
it also has an effect two or more metal layers 50 are enabled to make altogether the 
projection electrode 52 by the electrolysis plating method into the same potential at the 
time of membrane formation, and it becomes possible to form the projection electrode 52 
easily by the electrolysis plating method. 

[0035]As the 2nd barrier metal layer 50, it may replace with Ti, Cr, TiW, or Mo may be 
replaced with nickel again, and Cu or Pd may be used. As the 2nd barrier metal layer 50, 
it is a metal layer which consists of one layer, and nickel, Cu, and Pd may be used. Or 
nickel, Cu, or Pd may be further used for the arbitrary metal of 2 chosen from Ti, Cr, 
TiW, and Mo as a metal membrane of the 1st layer and the 2nd layer as a metal 
membrane of the 3rd layer again using the metal membrane which consists of three layers 
as the 2nd barrier metal layer 50. 
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[0036]Furthermore in the process of drawing 2 (C), patterning formation of the 
photoresist film 54 is carried out on the field of the oxide film 44 of fields other than pad 
electrode 42. Next, in the process of the drawing 2 (C), as metal in which the 2nd barrier 
metal layer 50 oxidizes easily, in being Cu, Ti, etc., for example, it forms the metal 
membranes 5 1 , such as Au, Pt, and Pd, in a thickness of about 2 micrometers as the 
antioxidant tunic 51, for example in order to prevent oxidation. Then, the projection 
electrode 52 which becomes the upper layer of the antioxidant tunic 5 1 from the alloy of 
Sn and Pb by the electrolysis plating method is formed. 

[0037]It may be the combination of arbitrary numbers of metal chosen from the inside of 
the alloy of the metal of 1 which replaces with the alloy of Sn and Pb as the projection 
electrode 52, and is chosen from the inside of the alloy of Pd, nickel, Cu, Au, or Sn and 
Ag or Pd, nickel, Cu, Au, or Sn and Ag. Furthermore, after that, at the process of drawing 
2_(D), the photoresist film 54 is removed and some of antioxidant tunics 51 formed on the 
photoresist film 54 and projection electrodes 52 are removed simultaneously. 
[0038]Next, in the process of the drawing 2 (D), the 2nd barrier metal layer 50 of the 
field in which the projection electrode 52 is not formed is selectively removed by the wet 
etching method. The solder ball which is not illustrated is formed by carrying out a 
reflow of the projection electrode 52 under the temperature more than the melting point 
with the projection electrode 52 for external connection, when the semiconductor device 
100 is mounted. 

[0039]The crack 46 on the pad electrode 42 which has the unevenness produced at the 
time of a probe test like the above this example, By forming the 1st barrier metal layer 48 
by a nonelectrolytic plating method on the surface, when the 1st barrier metal layer 48 
covers the crack 46 on the pad electrode surface thoroughly, the almost flat surface is 
obtained on the 1st barrier metal layer 48. 

[0040] An impurity which was mentioned above can prevent being spread between the 
projection electrode 52 and the pad electrode 42 by forming the 2nd barrier metal layer 
50 on the 1st barrier metal layer 48 furthermore, making it estrange from the pad 
electrode 42 in which the crack 46 exists, and making it not influenced by the crack 46. 
As a result, contact to the upper projection electrode 52 and the pad electrode 42 is held 
good, the projection electrode 52 can be prevented from exfoliating, and formation by the 
electrolysis plating method of the projection electrode 52 can be further made easy. 
Although it is a case where aluminum is used as construction material of the pad 
electrode 42, when Cu, Si, etc. are made to mix as other impurities into aluminum, and 
even if this example is a case where Si which introduced the impurity is used, it does not 
interfere. 

[0041]The [2nd example] The 2nd example is described based on drawing 3 below. 
Drawing 3 (A) - (E) is a figure showing the 2nd example in this invention. In this 
example, it is the process that the 1st of the process of the 1st example and the 2nd barrier 
metal formation are the same, therefore has the same effect. 

[0042]In the process first shown in drawing 3 (A), the pad electrode 62 which consists of 
aluminum is formed by patterning on the substrate 60 like a last example, the field which 
the substrate face of pad electrode 62 adjacent spaces expressed is oxidized thermally, 
and the insulator layer 64 which consists of oxide films is formed. Furthermore, in 
connection with doing a probe test after pad electrode 62 formation, unevenness is 
formed on the surface of the pad electrode 62, and the crack 66 is produced. 
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[0043]Next, in the process drawing 3 (B) Shown, it forms on the pad electrode 62 like a 
last example with the substitution method which used Pd 5 Zn 5 or nickel for a thickness of 
about 2 micrometers for Ni film 68 by the nonelectrolytic plating method as the 1st 
barrier metal layer 68. Like the 1st example, by comparable as the depth of the crack 46 
or forming in the thickness beyond it, the unevenness accompanying the crack 66 is 
covered thoroughly and the surface where Ni film 68 which is the 1st barrier metal layer 
is flat is obtained in Ni film 68 by a nonelectrolytic plating method in the process of the 
drawing 3 (B). 

[0044]Furthermore at the process of drawing 3 (C), like the 1st example, first in the upper 
layer of the 1st barrier metal nickel layer 68, and the upper layer of the insulator layer 64 
as the 2nd barrier metal layer 70, nickel74 [ about 500-nm ] is further formed for Ti72 to 
the field on the insulator layer 64 and the pad electrode 60 with a sputtering technique or 
vacuum deposition in thickness of about 500 nm. At the process of the drawing 3 (C), 
then, the upper layer of the 2nd barrier metal layer 70, Only upper Ni film 74 is 
selectively removed by the wet etching method among the 2nd barrier metal layer 70 
expressed other than the field which formed in the field of the pad electrode 62 upper part 
the 1st photoresist film that is not illustrated by patterning, and formed the 1st photoresist 
film that is not illustrated. Then, the 1st photoresist film that is not illustrated is removed. 
[0045]Then, in the process of drawing 3 (D\ the 2nd photoresist film 78 is formed only 
in the field on Ti72 of the upper layer of the insulator layer 64 among the 2nd barrier 
metal layer 70, and patterning formation is carried out so that the opening of the field of 
the upper part of the pad electrode 62 may be carried out. Next, Ni film 82 is formed in 
the upper layer of Ni film 74 of the opening 80 by the electrolysis plating method as the 
3rd barrier metal layer 82 like the drawing 3 (D). 

[0046]Like [ next ] a last example, in being metal in which the 3rd barrier metal layer 82 
oxidizes easily, it forms the antioxidant tunic 76 in order to prevent oxidation if needed. 
Then, the plating layer 84 which consists of Pb and Sn for projection electrode formation 
as a top layer film is formed in a thickness of about 50 micrometers by the electrolysis 
plating method. 

[0047] Although the electrolysis plating method is used as the 3rd barrier metal layer 82 
in the process of drawing 3 (D\ and a method of forming the projection electrode 84, 
Like the 1st example, since all the pad electrodes 62 which form the 3rd barrier metal 
layer 82 and projection electrode 84 are covered with Ti film 72 in the 2nd barrier metal 
layer and are ****(ed), they serve as the same potential at the time of electrolysis plating 
implementation. Therefore, it is possible to form the 3rd barrier metal layer 82 and 
projection electrode 84 by the electrolysis plating method. 

[0048]Finally, the 2nd photoresist film 78 is removed in the process of drawing 3 (E). Ti 
layer 72 expressing the lower layer of the 2nd photoresist film 78 is selectively removed 
by the wet etching method. The solder ball which is not illustrated is formed by carrying 
out a reflow of the projection electrode 84 under the temperature more than that melting 
point with the projection electrode 84 for external connection, next, when the 
semiconductor device 1 10 is mounted. 

[0049]In this example, it is a point which forms the 3rd barrier metal 82 as a process of 
differing from the 1st example. By forming the 3rd barrier metal 82 by the electrolysis 
plating method, it has the effect of raising adhesion with the projection electrode 84 
similarly formed in the upper layer by the electrolysis plating method. Therefore, have 
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the effect of raising adhesion with the projection electrode 84 as a barrier metal layer by 
forming so that the 2nd barrier metal layer 70 may not be influenced by the crack 66 on 
the pad electrode 62 5 and. By furthermore adding the 3rd barrier metal layer 82, the 
adhesion of the projection electrode 84 is further raised rather than the case of the 1st 
example. 

[0050] Although this example has described the case where aluminum is used as 
construction material of a pad electrode, like the 1st example, it does not interfere, when 
Cu, Si, etc. are made to mix as other impurities into aluminum, and even if it uses Si 
which introduced the impurity. 
[0051] 

[Effect of the Invention]According to this invention, the effect described below is 
realizable like ****. In the invention according to claim 1 to 7, the reliability of junction 
on a pad electrode can be raised and the reliability of the semiconductor device which 
mounted the semiconductor device can also be raised. In the invention according to claim 
8 to 9, a semiconductor device can be mounted and a highly reliable semiconductor 
device can be realized. 

[0052]In the invention according to claim 10 to 13, the reliability of junction on a pad 
electrode can be raised and the reliability of the semiconductor device which mounted the 
semiconductor device can also be raised. 

[Brief Description of the Drawings] 

[Drawing li lt is a figure showing the structure of the pad electrode of the conventional 
semiconductor device. 

[Drawing 2] It is a figure showing the structure of the pad electrode of the semiconductor 
device of the 1st example in this invention. 

[ Drawing 3] It is a figure showing the structure of the pad electrode of the semiconductor 

device of the 2nd example in this invention. 

[Description of Notations] 

10, 40, and 60 Semiconductor substrate 

12, 14, 42, 62 pad electrodes 

16, 44, and 64 Insulator layer 

20, 22, 46, and 66 Crack 

21 Crevice 

24 Barrier metal layer 
26, 54 photoresist layers 
28 Opening 
30, 74 Ni films 

32, 52, and 84 Projection electrode 
48 and 68 The 1st barrier metal layer 

50 and 70 The 2nd barrier metal layer 

51 and 76 Antioxidant tunic 
72 Ti film 

78 The 2nd photoresist film 
80 Opening 

82 The 3rd barrier metal layer 
100 and 1 10 Semiconductor device 
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HRUt, Ti, Cr, TiWt$J:tfMotf>3^Vvfiia» 
, RE$2Jl0&|(R(i. Ni. Cu 

tM«JH7 ] ttlEg2a&Mtt3 6£g 1 JiO&JS 
Hi: « 2 lO&jgJSI b m 3 »0£JRJgO 3 * X 0 ft 0 . 
WES 1 «&tfS 2 !CD&JiJ&«T i , C r , TiWfj 
XlfMocr)ot>^i*tlfrZ.(r>&mX r )% r ) . fufBS3« 

&m£wzzbm®ibtmm2m6mco¥ 

m%m^m££<oBi8.it:ztt:mbt?>m 
imm ] miimmmmu. Pd, n i , c u . s 

ntPb^f, Au, SnfcAgtf>£&A 1 ££l>f¥a> 
fc»R3*i**J>$r< i: fc-WARKJ: 0«tfLfc£ bi 

mb?im& 2£tM8im<7)?mfogi&. 
i mm i o i m bus 2 co^jr« t mi seem b <n 

HC, Au, Ptfc < tt/Pd«p^V»-f*l*>-tf5^Jg < t 

2*fcli8flS9IE»ft i WM*SSiI. 
[««JH11] *»*ffiRk. 

WE*tt±fc»iSS*u asWKft-o&Sfc.k'JJBSSft. 


<n\ ^-fiifr-onmiz x titz& 2 ogmi b . 

l9IE»2«)4Wi±fc. W»ft->&a=fcJ:D»j£S*ifc 
S3<7>&§|Jii:. 

b*%mb?h*mvmm.. 

[mm. 1 2 ] ffiE&30&Mtt. N i . C ui>4 
[ff*^ 1 3 ] 1tlEJII3<9^flfc1NEKjB«&fc0 

Blfc:. Au, p taxifp d<r>oh^lftifr-0>km£ 
t )%mm±m®imuzz t mw.b^mm 
i liB^co^f^ga. 

[JHHftfl&HfcBran 
[000 1 ] 

^lOfll&SrW-f £>¥$#gMc7)A-.y HtHKBlcRI 

[0002] *zT*m?u. ¥mftm&com&* 
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<S1 2±*8HP"f*J:3fc#jaU ■□*2 8«V<U 
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[0033] 02 (C) <?)IgtfcttS^2<7)>'N'"J7> 
^;H5 0f)fcLlll ft*mtzi$^X§i&Ltz£ o 
fc, TEO^y H«S4 2 £fl§j£-f £> A 1 t . HHW>I 
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S88«a5 2t»jR-r4. 

[ o o 3 7 ] gmnms 2 1 tx s n t p b^^ 
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[0039] J^O*3S»W«>J: 9 ra-^KUft 
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OSrl»jfe&4i:*tc. S4>fcS5B«ff5 2tf>W*fto 

Wi. a' 7 F*«4 2<0tt«h LTA 1 fcflKfl 
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[0 04 1 ] ( SB2OS0S«)»:t:ff52«llltffUcov^ 
T, H3t«CiWW*. 03 (A) ~ (E) 14. *» 
9HC*J»t*»2 ^MWWtSWC** . #3lJ6#iJT' 
ti, JRKOHit««)ia«, JSlfttflli2WCy7.X* 

[00423 t-fms (a) icsna-ctt. mjhim 

j*9——V?l,zi. DffMU A-.y Htt 6 2JH3MWM> 

«K6 4*»«ftt4. sfefcyt^ HW6 2mmmz. 

To- 7I£® 2r 3 i fc left v \ a- „ h IS 6 2 <0*lffl 
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